For the calcination stage of the process, in which the deposited solids are heated in the absence of a liquid phase, a solution was developed for the equation of heat transfer with the temperature profile from the solid deposition stage as an initial condition.
For the example Purex waste with a heat generation rate of 5000 Btu/hr-ft 3 , less than 15 min would be required for calcination, compared to about 8 hr in experiments with simulated wastes.
INTRODUCTION
The pot calcination process for reducing highly radioactive liquid wastes to solid form has undergone several years of development at ORNL with simulated waste solutions.' A pilot plant for process development with radioactive wastes is now in the preliminary design stage. A critical aspect of the process is the average processing rate, which has been lower than those of other calcination processes in tests with simulated wastes but high enough to be feasible. Hence there is some interest in predicting the effects of internal heat generation on the average processing rate and in anticipating the scheduling of the process cycle, which consists of (1) placing a calcination vessel in the furnace with feed, off-gas, and instrument lines attached, (2) evaporating radioactive liquid waste in the vessel until it is filled with solid, (3) holding the vessel in the furnace until the solid uniformly reaches at least 900 0 C (calcination), (4) removing feed, off-gas and instrument lines and sealing the vessel, and (5) removing the vessel from the furnace for decontamination of the exterior and monitoring.
The determination of the mechanism of solids deposition in experiments with simulated (non-heat-generating) wastes is briefly reviewed. Based on this model, an expression for the rate of solid deposition with internal heat generation was developed by a combined heat and material balance. To develop an expression for temperature as a function of time and radial distance during the calcination stage, the equation of heat transfer was solved with the temperature profile in the depositing solid as an initial condition. The solution was obtained from the known solution for a unit instantaneous cylindrical surface sourcewhich was developed through the use of Green's function for a cylinder.
To ascertain the importance of internal heat generation on solid deposition rate and calcination time, the derived expressions were applied to the processing of Purex waste in a 1-ft-dia vessel.
DEPOSITION MECHANISM
Wastes are calcined in long thin cylindrical vessels (Fig. 1 Solving eq. 2-5 with eqs. 2-3 and 2-4,
To obtain the rate of interface movement, the heat flux into the liquid is equated to the rate of solids deposition:
where k = thermal conductivity of deposited solid h = heat of vaporization of distillate per unit volume P = volume ratio of distillate to deposited solid Differentiating eq. 2-6 and substituting in eq. 2-7 gives = ln (r/R(-) (2) (3) (4) (5) (6) (7) (8) kV r dt = r in dr0 (2) (3) (4) (5) (6) (7) (8) (9) Integrating eq. (Fig. 4) shows a good fit of the data to the model. This point has been proved experimentally. The general solution to eq. 3-2 is 1 2 -lw(3-3)
where C1and C 2 are constants to be determined by the boundary conditions. The set of equations 4-7, 4-8, and 4-9 are solved with eq. 3-3 to obtain 2 l2
Applying conditions 2-3 and 2-4,
The set of equations 4-6, 4-8, 4-9, and 4-10 may be simply solved by starting with the published solution for a unit instantaneous cylindrical surface source at t = 0 and r = r':3
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Modifying eq. 4-12 by taking a source strength of 27rr'f(r')dr' at r', and integrating from r 0 to R, the solution is obtained for an initial temperature distribution f(r):
In this case f is given in eq. 4-10. In order to carry out the integration in eq. 4-16, the following formula given by Muscat is needed:
where U 0 (cx) = J(ax) or Y0(ax). Equation (4-16) becomes
where
The sum of eqs. 4-11 and 4-18 then gives the solution to eqs. 4-1 through 4-4. Returning to the previous example with Purex waste, temperature profiles were calculated during the calcination period for heat generation rates of 5000 and 500 Btu/hr-ft 3 with r 0 /R = 0.3. Intermediate numbers for the calculations are given in the appendix, Tables A-1 and A-2. In contrast to experience with simulated waste, where it was necessary to hold the vessel wall temperature at 1650 0 F for 8 to 12 hr, temperatures in the solid everywhere exceeded the wall temperature within 15 minutes with a moderate heat generation rate of 5000 Btu/hr-ft 3 ( Fig. 7-8 ). Even for a very slightly radioactive waste with a heat generation rate of 500 Btu/hr-ft 3 , only short calcination periods of 2 or 3 hr will be required. 
Purex waste
Temperature profiles during calcination of in a 1-ft-dia vessel. Q = 5000 Btu/hr.ft 3 . 
